Design and Economic Analysis of Photovoltaic-Double Resource Heat Pump  by Zhang, Songyuan et al.
Energy Procedia 16 (2012) 977 – 982
1876-6102 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society.
doi:10.1016/j.egypro.2012.01.156
Available online at www.sciencedirect.com
Energy
Procedia
          Energy Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
 
2012 International Conference on Future Energy, Environment, and Materials 
Design and Economic Analysis of Photovoltaic-Double 
Resource Heat Pump 
Songyuan Zhanga,  Xin Guanb,a* , Zhibo Guoa,b
aUniversity of Shanghai for Science and Technology,Shanghai,200093,China 
a*University of Shanghai for Science and Technology,Shanghai,200093,China 
Abstract 
In order to improve the photoelectric efficiency and solar energy utilization of PV module, a set of photovoltaic-
double resource heat pump (PV-DHP) is designed in this paper. Through calculation of system performance, the 
result shows that the efficiency of PV-DHP system can be up to 4.86 and photoelectric efficiency increases highly. 
According to economic compare, it is known that the operation cost of PV-DHP is 61.6% of air source heat pump, 
16.6% of oil-fired boiler and 19.5% of electric heater. 
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1. Introduction 
In recent years, along with solar photovoltaic power generation technology development and the 
expansion of the industry scale, Photovoltaic power generation cost steps down. However, solar 
photovoltaic power generation technology has a certain defect: the high temperature of solar cell will 
leading to photoelectric efficiency dropped. In photovoltaic cell working process, the temperature of the 
cell rise 1 ℃, the photoelectric efficiency drop about 0.5% [1]. If  several fluid passages were laid on the 
back of cell, the heat will be taken away by water as cooling medium and the photoelectric efficiency will 
increase, while the cooling water can also be used to produce hot water [2]. How to improve the electric 
and heating comprehensive performance of photovoltaic/thermal (PV/T) systems has become a hot point 
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in current researches. Ruzhu Wang, [3], performed a direct-expansion solar-assisted heat pump(DX-
SAHP).Gang Pei, Jie Ji, [4], proposed a set of PV/T solar assisted heat pump (PV-SAHP) system. Through 
experimental analysis on this system, the results show that the photoelectric/solar comprehensive 
efficiency of PV-SAHP can be up to 84.7%. Compapred with normal heat pump, the coefficient of 
performance(COP) increase by 43.0% and energy consumption is only one-sixth of air source heat pump. 
Xin Guan, Peng Liu, Zhijun Mu,USST[5-6], designed a 2000W photovoltaic solar-thermal integration 
system. According to the experiment, the results show that the thermal efficiency of PV/T system can be 
up to 30%-40%, electric performance increase by 8% in the replacement of the cooling water. 
 The photovoltaic-double resource heat pump (PV-DHP) system designed in this paper is not PV—
DXSAHP [7], it can produce hot water through absorbing energy both from solar and air. At the same time, 
the PV cell’s back get cooled and photoelectric efficiency improve. On the other hand, temperature 
difference between evaporation and condensation of heat pump reduces, and the coefficient of PV-DHP 
performance increase. 
The principle of PV-DHP is shown in figure 1, mainly including PV cells、compressor, air-cooled 
evaporator, water-cooled condenser、two water tanks and other accessories. The PV-DHP system is made 
up of solar heating water system and heat pump system, and the energy of hot water is provided by solar 
and air. A temperature control system, setting a higher/lower temperature limit, is installed in NO.1 water 
tank. When the water temperature is measured higher than the higher temperature limit by temperature 
sensor, the electromagnetic valve automatically opened to let the hot water flow from NO.1 water tank to 
NO.2. otherwise the electromagnetic valve shut down automatically.  
Fig 1 PV-DHP system diagram 
The design of double water tank for the PV-DHP system will control the water temperature of NO.1 
water tank in a low temperature range, thus guarantee the photoelectric and thermal efficiency keep high. 
Meanwhile, it may be chosen to shut down heat pump system if the water temperature of the NO.2 water 
tank can satisfy user requirement, just rely on solar water heating system. In rainy or cloudy day as well as 
at night, the water flow in NO.2 water tank is directly heated to 55℃ by heat pump. Overall, the energy is 
supplied by air source heat pump or by both will be depended by the weather condition.
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2. Design calculation of System 
2.1. System Application and calculation of heating load 
The PV-DHP is based on a PV system which located at a small photovoltaic power station and the 
rated total power is 10kW. The PV system is made of 50 pieces of PV modules and each PV module area 
is 1.2258 ㎡. The PV-DHP system also provide hot water for 187 employees who living in worker 
dormitory building. The average water consumption is 40L/day. The water requirement and heating load 
of worker dormitory building in the electric power station are shown in table 1. 
Table 1 parameter of heating water and weather 
















Sunny 71 50% 265540 20 55 38941.4 
Rainy 54 50% 201960 20 55 29617.4 
Transient
season
Sunny 66 50% 246840 15 55 41370.4 
Rainy 54 50% 201960 15 55 33848.5 
Winter 
Sunny 67 100% 501160 5 55 104993.0 
Rainy 53 100% 396440 5 55 83054.2 
Total   365  1813900   331825.0 
Note: Winter concluding January 、 February 、 March 、 December; Summer concluding June-September; Transient season 
concluding April、May、October and November. The  design  volume of water tank is 8m³.
2.2. Selection of heat pump unit 
The equipment that selected should meet the worst situation. From table 1, it is known that the rainy 
day in winter is the worst condition. In the worst situation, to providing heating water (55℃) for 187 
employees in 3 hours, the maximum of heat pump units’ total power is: 
.d a y d a y d a yH
Q C m ΔT
P 1 4 5 5 kW
H 3 6 0 0 H 3 6 0 0τ τ= = =× ⋅（ ） （ ）
                           (1) 
Three sets of air source heat pump units are chose and operated parallelly. In the worst situation, three 
units provide hot water simultaneously.  Units’ model and parameters are shown in table 2. 
Table 2 Heat Pump Unit Parameter and model 
Model Heating capacity (kW) Power capacity (kW) Water capacity(L/h) 
PASHW-250S-V 90 21.5 1940 
PASHW-130SB-2-C 45 10.4 970 
PASHW-060SB-2-C 20 4.7 480 
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3. Performance Analysis of PV/T systems 
3.1. Photoelectric performance test of PV/T system 
A PV/T system comprehensive performance experimental equipment was built in USST. The time of 
experimental data chose is 19 September 2009, the environmental temperature was about 20-25℃ and 
solar irradiation was well all day. The experimental result is shown in figure 2. 
Fig 2   Photoelectric power and temperature 
As figure 2 showed, the photoelectric efficiency of PV/T module is higher than ordinary PV module at 
every corresponding moment. The photoelectric efficiency improving value of PV/T module is about 8% 
and the average temperature of PV/T module is less than 45℃ . 
3.2.  Thermal performance analysis of PV/T systems 
According to the relevant data of Thematic Database for Human-earth System, solar irradiation of 
Shanghai in different season is calculated. The relevant data is shown in table.3. 
Table 3 Irradiation data sheet (1996 to 1998) 
NO. Location Year Jan Feb Mar Apr 
1 Shanghai 1996 22653 31855 27609 51577 
2 Shanghai 1997 22190 31226 33597 43938 
3 Shanghai 1998 20742 25840 25970 43927 
Average Value 21862 29640 29059 46481 
No. Location Year May June July Aug 
1 Shanghai 1996 53543 36295 49962 57368 
2 Shanghai 1997 56938 48875 48972 41526 
3 Shanghai 1998 45788 45140 60774 59458 
Average Value 52090 43437 53236 52784 
No. Location Year Sep Oct Nov Dec 
1 Shanghai 1996 53094 34611 21641 26652 
2 Shanghai 1997 46080 36141 22455 16069 
3 Shanghai 1998 46419 38363 30097 24276 
Average Value 48531 36372 24731 22332 
Note: In table 3, irradiation unit is MJ/㎡.
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The photoelectric efficiency experiment of PV module is conducted in 2010, each season 2-3 days are 
chose as typical test day. The experimental result is shown in table 4. 
Table 4 Average heat-collection efficiency and photoelectric efficiency of PV/T 
PV/T System Average heat collection efficiency Average photoelectric efficiency 
Winter 45.75% 11.83% 
Summer 45.86% 13.37% 
Transition Season 43.73% 14.09% 
Combined with the data in table 3 and table 4, the annual heat-collecting capacity is calculated, the 
specific data is shown in table 5. 
Table 5 Calculation of heat-collecting capacity 
Solar irradiation（MJ/m2） Heat collecting efficiency Heat collecting capacity（MJ/m2）
Winter 1028.93 45.75% 470.735 
Summer 1979.88 45.86% 907.973 
Transition Season 1596.73 43.73% 698.250 
Summary 4605.54 45.11% 2077.713 
Note: Winter concluding January 、 February 、 March 、 December; Summer concluding June-
September; Transient season concluding April、May、October and November. 
From the calculation results of table 5, the yearly solar thermal collecting capacity of the power station 
is:
.2 PVQ 2077 713 A 50 127343.0M J= × × =                                                                               （2） 
4. Performance and economic analysis of PV-DHP system 
The average COP of air source heat pump is 300% in Shanghai. In this photovoltaic power station, if 
187 employees’ heating water is provided only by heat pump unit, the power consumption of PV-DHP is:  
-3 33 1 2Q Q -Q 331825 10 kJ 127343 10 kJW =18933.5kWh
COP COP 300% 3600kJ/kWh
× ×= = = ×
                                  （3） 
In the equation:  Q1  is total heating load, kJ; Q3 is the heating provided by heat pump system，
kJ；
According to the calculation result, the comprehensive performance of PV-DHP system is: 









                                    （4）
Heating water method mainly includes the electric、steam and heat pump, compared the operation 
cost of these methods in the same condition, the result is shown in table 6. 
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Table 6 Economic analysis in several heating methods   
Efficiency Calorific  Value AnnualFuelConsumption Unit Price(fuel) Annual Fuel Cost(RMB) 
Oil-Fired Boiler 90% 44100kJ/kg 9952.8L RMB8/L 79623 
Coal-Fired Boiler 80% 20908kJ/kg 19838.4kg RMB 0.84/kg 16664 
Gas-Fired Boiler 90% 37620kJ/m³ 9800.5m³ RMB 2.5/m³ 24501 
Air Source Heat 
Pump 300% 3600kJ/kWh 30724.54kWh RMB 0.7/kWh 21507 
Electric Heater 95% 3600kJ/kWh 97024.8kWh RMB 0.7/kWh 67917 
PV-DHP 486% 3600kJ/kWh 18933.5kWh RMB 0.7/kWh 13253 
As table 6 shown, comparing the several heating methods, the operation cost of PV-DHP system is the 
lowest, only 16.6% of the oil-fired boiler and 19.5% of the electric heater, 61.6% of air source heat pump 
heating water system, 80% of coal-fired boiler,PV-DHP system has a high market potential. 
5.  Conclusions 
In this paper, a set of photovoltaic double source heat pump heating water(PV-DHP) system is 
designed, combined with the water requirements of the photovoltaic power station, the heat pump unit is 
selected. According to the test and performance analysis of the PV-DHP system, annual electric 
consumption and operation cost are calculated. The results shown that the average COP of PV-DHP 
system is 4.86 and air source heat pump is 3.0; the annual operation cost of PV-DHP system is the lowest, 
only 61.6% of air source heat pump. Meanwhile, PV-DHP system has a superior performance and 
photoelectric conversion efficiency, which increase by 8% over ordinary PV module. 
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